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Pump. 

@ A pump comprising a housing (10) witlnin whicli a first rotor 
(2Q) and a second rotor (28) are rotatably mounted successively 
of each other so as to be adapted to effect successive pumping 
of a fluid, and drive means (60) tor driving the pump 
characterised tn that the drive means (60) is arranged to effect 
direct drive of one only (26) of the rotors (26,28). clutch means 
(42,46,56,58) being provided which are operable to effect and 
disconnect a drive connection between the rotors (26,28). 
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Description 



PUMP' 



The present inventton relates to a pump. e.g. a 
vacuum pump which can produce a high degree of 
vacuum or ultra high vacuum. 5 

In order to obtain ultra high vacuum it has 
previously been necessary to provide an oil-sealed 
rotary vacuum pump in addition to a turbo molecular 
pump. This means that a wide area is required for 
pump installation and vacuum can be adversely 10 
affected by a migration of oil from the oil-sealed 
rotary vacuum pump back towards an inlet port. 

According, therefore, to the present invention 
there is provided a pump comprising a housing 
within which a first rotor and a second rotor are 15 
rotatably mounted successively of each other so as 
to be adapted to effect successive pumping of a 
flud. arkJ drrve means for driving the pump charac- 
terised in tt\at the drive means is arranged to effect 
direct drive of one only of the rotors, clutch means 20 
bemg provided wtiicTi are operable to effect and 
disconnect a drK*© connection between the rotors. 

Preferably, the pump is a vacuum pump in which, 
wt>en tho clutch means are engaged, the pump is 
operable to effect pumping to a higher degree of 25 
vacuum than when the clutch means are disen- 
gaged. 

The pnesent invention thus enables one to provide 
an oi*~free vacuum pump, which can give a high 
degre* of vacuum by itself at low cost without 30 
roqutrtng a wide installation area. 

Preferably, nnagnetic suspension means are pro- 
vided for magneticaliy suspending the first and 
secoTKJ rotors. 

The ckitch means preferably comprise mutually 35 
attracting magnetic means on the first and second 
rotors for magnetically coupling the rotors, and 
electromagnets on the first and second rotors, the 
electromagnets when energized, repelling each 
other so as to t>e adapted to de-activate the said 40 
magnetic coupling. 

The magnetic means may comprise permanent 
magnets on adjacent parts of the first and second 
rotors. 

Thus the permanent magnets may be disc mag- 45 
nets rMiiiin9 respectively adjacent faces with grooves 
therein. 

Altematr.'ety. the magnetic means may comprise 
electromagnets. 

The magnetic suspension means may comprise 50 
electromagnets for positioning the rotors radially 
and axlairy, and position sensors for sensing the 
axial and radial positons of the rotors. 

There may be a revolution sensor for detecting the 
rotational speed of the rotor which is not directly 55 
driven by the drive means, control means being 
provided for completely de-energizing the electro- 
magnets when the said rotational speed is at a 
predetermined vstiue. 

The Tirst set of rotor blades may thus be 60 
disconnected from the second set of rotor blades 
during pump operation in a low to high vacuum 
range, and the first set of rotor blades may be 



connected to the second set of rotor blades during 
pump operation in an ultra high vacuum range. 
Therefore, pump operation can be continuously 
carried out by one vacuum pump from a tow vacuum 
range (e.g. atmospheric pressure) to an ultra high 
vacuum range. 

The invention is illustrated, merely by way of 
example, in the accompanying drawings, in which :- 
Figure 1 is a half cross-section of a vacuum 
pump according to the present invention, 

Figure 2 is a side elevation of a magnetic 
arrangement which may be used in a vacuum 
pump according to the present invention, and 

Figure 3 is a block diagram showing a control 
apparatus for the vacuum pump shown in 
Figure 1 . 

Referring to Figure 1, a vacuum pump for 
producing ultra high vacua has an inlet port 12 and 
an outlet port 14 which are respectively provided at 
the top side and the bottom side of an outer cylinder 
or housing 10 of the pump. 

The interior of the pump body is divided, in a 
direction from the inlet port 12 to the outlet port 14, 
into a turbo molecular pump portion 16, a stationary 
helical groove portion 18 and a centrifugal blade 
portion 20- The turbo molecular pump portion 16 is 
provided for ultra high vacuum, the stationary helical 
groove portion 18 is for high to intermediate vacuum, 
and the centrifugal blade portion 20 is for low 
vacuum. 

A rotor 24, which is supported by a tower or 
cylindrical support 22 within the outer cylinder 10, is 
divided into a first internal cylinder or a first rotor 26 
for the turbo molecular pump portion 16, and a 
second internal cylinder or a second rotor 28 for the 
stationary helical groove portion 18 and the centrifu- 
gal blade portion 20. The first rotor and the second 
rotor are mounted coaxially within the housing 10 
but can rotate independently of each other. 

Multiple stage rotor blades 27 for producing ultra 
high vacua are provided around the external periph- 
ery of the first internal cylinder 26. They are disposed 
alternately with stator blades 30 provided on the 
internal periphery of the housing 10. A stationary 
helical flow groove 29 is provided on the internal 
periphery of the housing 10 which faces the external 
periphery of the top end of the second internal 
cylinder 28. Stator blades 32 are provided in plural 
stages on the inner periphery of the housing 10 and 
under the stationary helical flow groove 29. On the 
outer periphery of the second internal cylinder 28 
there are provided multiple stage centrifugal blades 
34 for producing low and high vacua, the blades 34 
being provided alternately with the stator blades 32. 

The first internal cylinder 26 and the second 
internal cylinder 28 are magnetically suspended. In 
order to provide for such magnetic suspension, 
there are provided a position sensor 36, which is 
mounted on the tower 22, for detecting axial 
displacement of the first internal cylinder 26; a radial 
direction electromagnet 38 for controlling radial 
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direction displacement of the first internal cylinder 
26; a position sensor 40 for detecting radial direction 
displacement of the first internal cylinder 26; an axial 
direction electromagnet 42 for controlling axial 
direction displacement of the first internal cylinder 
26; a position sensor 44 for detecting axial displace- 
ment of the second interna! cylinder 28; an axial 
direction electromagnet 46 for controlling axial 
direction displacement of the second internal cylin- 
der 28; position sensors 48 and 50 for detecting 
radial direction displacement of the second internal 
cylinder 28; and radial direction electromagnets 52 
and 54 for controlling radial direction displacement 
of the second internal cylinder 28. 

In the bottom end face of the first internal cylinder 
26 and in the top end face of the second internal 
cylinder 28 there are respectively provided perma- 
nent magnets 56 and 58 which attract each other. As 
shown in Figure 2, disk permanent magnets having 
grooves provided on the sides which face each other 
can also be used for the above-mentioned perma- 
nent magnets. 

A motor 60 for rotatably driving the second 
internal cylinder 28 is mounted on the periphery of 
the lower portion of the tower 22. The electromag- 
nets 42, 46 are arranged, when energized, to repel 
each other while, as stated above, the permanent 
magnets 56,68 are arranged to attract each other. 
The electromagnets 42, 46. when energized, are 
more powerful than the permanent magnets 56, 58 
so that, when the electromagnets 42, 46 are 
de-energized, the first and second rotors 26, 28 are 
magnetically coupled together for rotation as a unit, 
and when the electromagnets 42, 46 are energized, 
the drive transmitted by the motor 60 to the second 
rotor 28 is not transmitted to the first rotor 26. 

At the top end of the tower 22 there is provided a 
revolution sensor 62 for detecting rotation of the first 
external cylinder 26. Through a connector 64 and 
cables 66 provided at the bottom of the pump body, 
the position sensor 36, axial direction electromagnet 
42, position sensor 40, radial direction electromag- 
net 38, position sensor 44, axial direction electro- 
magnet 46, position sensor 48, position sensor 50, 
radiaJ direction electromagnet 52, radial direction 
electromagnet 54, motor 60 and revolution sensor 62 
are connected to a control equipment as shown in 
Figure 3. 

Referring to Figure 3, detected signals from the 
position sensors 36, 40, 44, 48 and 50 and the 
revolution sensor 62 are fed respectively to controll- 
ing circuits 68, 70, 72, 74, 76 and 78, and the 
controlling signals therefrom are respectively fed to 
drivers 80, 82, 84, 86, 88 and 90. Further, the 
elecromagnets 38, 42, 46, 52 and 54 and the motor 
60 are driven by drivers 80, 82, 84, 86, 88 and 90. 
Driving currents thereof are detected by sensors 92, 
94, 96, 98, 100 and 102, 

When the pump operation is started by feeding 
power to the control equipment, currents passing 
through the electromagnets 42, 38 and 54 are 
respectively controlled by the controlling circuits 68, 
70 and 76 according to detected signals from the 
position sensors 36, 40 and 50. Consequently, the 
first internal cylinder 26 and the second internal 



cylinder 28 which are coupled together by the 
. permanent magnets 56 and 58 are magnetically 
suspended. While they are magnetically suspended, 
the controlling circuit 72 controls current passing 

5 through the axial direction electromagnet 46 in 
response to detected signals, from the position 
sensor 44 for detaching the second internal cylinder 
28 from the first internal cylinder 26 against the force 
of attraction acting between the permanent magnets 

10 56 and 58. ^ 

At the same time, current passing through the 
radial direction electromagnet 5^ is controlled by the 
controlling circuit 74 in response to detected signals 
from the position sensor 48 to stabilize the position 
15 of the second tntemai cylinder 28. On receiving the 
signal from the controlling circuit 72 of the detach- 
ment of the first internal cylinder 26, the controlling 
circuit 78 starts control of the rotation of the motor 
60. 

20 When the rotation is started, since the first internal 
cylinder 26 is suspended while detached from the 
second internal cylinder 28, only the second internal 
cylinder 28 Is driven by the motor 60. At this stage, 
since the pump interior is at atmospheric pressure. 

25 pump operation is mainly oarried out by the 
centrifugal blades 34 and the stator blades 32. When 
the rotational speed of the motor 60 is increased by 
the controHIng circuit 78, the stationary helical 
groove 29 starts functioning to thereby further 

30 increase the degree of vacuum. 

When the controlling circuit 78 confinms in 
accordance with the driving current to the motor 60 
as detected by the sensor 102, that the pressure at 
the inlet port 12 has become 10*3 ton- or below, this 

35 information is transmitted to the controlling circuit 
72. The controlling circuit 72 controls the current 
passing through the axial direction electromagnet 46 
so that the rotational speed of the first internal 
cylinder 26 as detected by the revolution sensor 62 

40 becomes cioser to the rotational speed of the 
second internal cylinder 28 under the command of 
the controlling circuit 78. That is to say, the current is 
gradually decreased to narrow the gap between the 
permanent magnets 56 and 58 so that the rotational 

45 force of the second cylinder 28 [s transmitted to the 
first cylinder 26. For the triansmission of the 
rotational force, eddy currents generated within the 
first cylinder 26 by the rotation of the permanent 
magnet 58 may also be used in addition to the 

50 magnetic attraction acting between the permanent 
magnets 56 and 58. It should be noted that 
electromagnets can also be used Instead of the 
permanent magnets 56, 58. Through this control, the 
second internal cylinder 28 moves closer to the first 

55 internal cylinder 26. When the rotational speed of the 
first internal cylinder 26 becomes the same as that of 
the second internal cylinder 28, the first internal 
cylinder 26 and the second internal cylinder 28 are 
completely coupled together. At this moment, the 

60 current passing through the electromagnets 46 and 
52 becomes almost zero. 

When the first internal cylinder 26 and the second 
internal cylinder 28 are magnetically coupled, this 
information is transmitted from the controlling circuit 

65 72 to the controlling circuit 78 to thereby increase 
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the rotational speed of the motor 60 to the optimum 
speed of rotation of the turbo molecular pump 
portion 16. As a result, the degree of vacuum at the 
inlet port 12 is increased to a high vacuum level of 
10-3 to 10~"'o torr. Air-tightness between the up- s 
stream side and the downstream side of the second 
internal cylinder 28 is ensured by means of magnetic 

-d sealing 104 as shown in Figure 1. The magnetic 
fluid sealing can also function as a damper at the 
moment when the rotor 28 is coupled to the rotor 26. io 

Air-tightness can also be ensured by forming the 
opposing surfaces of the tower 22 and the second 
internal cylinder 28 so as to obtain a labyrinth effect. 

In the embodiment of the present invention 
described above, substantially only the centrifugal 15 
blade portion 20 functions at the start of the pump 
operation. Then, as the rotational speed of the rotor 
28 increases, the stationary helical groove portion 18 
starts functioning. When the degree of vacuum at 
the inlet port 12 is increased to an intermediate to 20 
high vacuum level (10-^ torr), the second internal 
cylinder 28 and the first interna! cylinder 26 are 
coupled together. The degree of vacuum at the inlet 
port 12 is increased by the pump operation of the 
rotor blades 27 of the rotor 26 to 10-<o torr. Since 25 
pumping from atmospheric pressure to an ultra high 
vacuum is possible by the use of one single pump, 
its installation space can be greatly reduced; and 
since it is perfectly oil-free, its maintenance, hand- 
ling and operation can be simplified. In addition, 30 
since the operation of the turbo molecular pump 
portion 16 is started when the degree of vacuum 
reaches 10"^ torr, a large capacity is not required for 
the motor 60, 

!n the embodiment of the present invention 35 
described above, a first set of rotor blades 27 for 
producing ultra high vacua and a second set of rotor 
blades 34 for producing low to high vacua are 
coaxially provided. The first set of rotor blades 27 is 
disconnected from the second set of rotor blades 34 40 
in a low vacuum range, and is drivingly connected 
thereto in an ultra high vacuum range. Because of 
this feature, the operation of the pump from a tow 
vacuum range up to an ultra high vacuum range can 
be done by a single pump without having to increase 45 
the load of the motor 60, so that the area needed for 
pump installation is greatly reduced. 



Claims 



1. A pump comprising a housing (10) within 
which a first rotor (26) and a second rotor (28) 55 
are rotatably mounted successively of each 
other so as to be adapted to effect successive 
pumping of a fluid, and drive means (60) for 
driving the pump characterised in that the drive 
means (60) is arranged to effect direct drive of 60 
one only (26) of the rotors (26,28), clutch means 
(42,46,56,58) being provided which are oper- 
able to effect and disconnect a drive connection 
between the rotors (26,28), 

2. A pump as claimed in claim 1 characterised 65 



6 

in that the pump is a vacuum pump in which, 
when the ciutch means (42.46,56,58) are en- 
gaged, the pump is operable to effect pumping 
to a Higher degree of vacuum than when the 
clutch means (42,46,56,58) are disengaged. 

3. A pump as claimed in claim 1 or 2 
characterised in that magnetic suspension 
means (38,52,54^ are provided for magnetically 
suspending the first and second rotors (26,28), 

4. A pump as claimed in claim 3 characterised 
In that the clutch means (42,46,56,68) comprise 
mutually attracting magnetic means (56.58) on 
the first and second rotors (26,28) for magneti- 
cally coupling the rotors (26,28), and electro- 
magnets (42,46) on the first and second rotors 
(26,28), the electromagnets (42,46), when en- 
ergized, repelling each other so as to be 
adapted to de-activate the said magnetic coup- 
ling. 

5. A pump as claimed in claim 4 characterised 
in that the magtietic means (56,58) comprise 
permanent magnets (56,58) on adjacent parts 
of the first and second rotors (26,28). 

6. A pump as claimed in claim 6 characterised 
in that the permanent magnets (56,58) are disc 
magnets having respectively adjacent faces 
with grooves therein. 

7. A pump as claimed in claim 4 characterised 
in that the magnetic means (56,58) comprise 
electromagnets- 

8. A pump as claimed in any of claims 4-7 
characterised in that the magnetic suspension 
means (37,52,54) comprise electromagnets 
(38,42,46, 52,54) for positioning the rotors 
(26,28) radially and axiaily, and position sensors 
(36,40,44,48,50) for sensing the axial and radial 
positions of the rotors (26,28). 

9. A pump as claimed in any of claims 4-8 
characterised in that a revolution sensor (62) is 
provided for detecting the rotational speed of 
the rotor (26) which is not directly driven by the 
drive means (60), control means (Figure 3) 
being provided for completely de-energizing 
the electromagnets (42,46) when the said 
rotational speed is at a predetermined value. 

10. A pump as claimed in any preceding claim 
characterised In that the housing (10) has a first 
set of Stat or blades (30) which are disposed 
alternately of rotor blades (27) of the first rotor 
(26) ; a second set of stator blades (32) which 
are disposed alternately of rotor blades (34) of 
the second rotor (28); and a helical stationary 
flow groove (29) on the inner surface of the 
housing (10) which is disposed between the 
first and second sets (30,32) of stator blades. 

11. A vacuum pump for producing ultra high 
vacua comprising a housing (10) ; a first rotor 
(26) having a first set of rotor blades (27) 
disposed around said first rotor (26) for produc- 
ing ultra high vacua; a second rotor (28) having 
a second set of rotor blades (34) disposed 
around said second rotor for producing low to 
high vacua; said first rotor (26) and said second 
rotor (28) being coaxially mounted within said 
housing (10); magnetic suspension means 
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(38,52,54) for magneticaily suspending said first 
rotor (26) and said second rotor (28); a motor 
(60) for rotational ly driving at least said second 
rotor (28); and clutch means (42.46,56,58) for 
performing connection and disconnection bet- 5 
ween said first rotor (26) and said second rotor 
(27). 
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@ Pump. 

@ A pump comprising a housing (10) within which a first rotor 
(26) and a second rotor (28) are rotatably mounted successively 
of each other so as to be adapted to effect successive pumping 
of a fiuid, and drive means (60) for driving the pump 
characterised in that the drive means (60) is arranged to effect 
direct drive of one only (26) of the rotors (26,28), clutch means 
(42,46,56,58) being provided which are operable to effect and 
drsconnect a drive connection between the rotors (26,28) 
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